Water holding capacities and saturated hydraulic conductivity of Planosols in south Mačva and Pocerina (Serbia) were compared to assess how different types of land use (forest, arable and grassland) influence soils endangered by stagnating water. These changes came from decrease of total porosity and changes in pores size distribution in arable and grass land compared to forest land. Changes of water characteristics of arable and grassland Planosols compared to forest Planosols were statistically most significant in illuvial horizon Btg (absence of root network and fauna activity). It is important to emphasize: (i) surface A horizon of arable and grass land compared to forest showed insignificant increase of plant available water and significant decrease of saturated hydraulic conductivity (ii) significant decrease of saturation and macro porosity increased the risk of oxygen deficiency in Planosols in wet periods of year in this order: arable land > grassland > forest.
Introduction
Planosols are soils with stagnating water and abrupt textural discontinuity (IUSS Working group WRB, 2014). According to Serbian soil classification (Skoric et al. 1985) this soil is designated Pseudogley. Planosols have an abrupt textural change within 100 cm of the soil surface and, directly above or below, a layer 5 cm or more thick, that has in some parts reducing conditions for some time during the year and in half or more of the soil volume, single or in combination and a stagnic colour pattern or an albic horizon, and no albeluvic tonguing starting within 100 cm of the soil surface (IUSS Working group WRB, 2014) . Planosols are periodically wet in topsoil and subsoil caused by stagnating water. Water stagnates due to low hydraulic conductivity in clayey dense subsoil horizon. The agricultural suitability of Planosols is limited due to their oxygen deficiency resulting from stagnating water (IUSS Working group WRB, 2014) .
Primary vegetation of Planosols in south Mačva and Pocerina was forest. Forest was succeeded by grassland and eventually the most of Planosols were turned into arable land (Tanasijevic & Pavicevic 1953 , Tanasijevic et al. 1966 . Forest vegetation was Quercetum frainetto-cerris, Rud. Small area of grassland was used in the same way for a long time, and the greater part of grassland was actually arable land that was abandoned recently (10-15 years ago). Arable land was used for growing cereals (wheat, maize, barley, oats), with generally low yields. Type of land use and agricultural management practices affect soil quality because they may cause alterations in soil physical and chemical properties and in soil biotic community (Caravaca et al. 2002) determining, in turn, a reduction in land productivity (Sanchez-Maranon et al. 2002 , Marzaioli et al. 2010 . Land use is a key parameter in the hydrologic cycle (soil hydrology), attributed to the effects of tillage, erosion, compaction, and pore structure evolution (Harden 2006 , Rasiah et al. 1995 . A full understanding of hydrologic response to human impact requires assessment of land-use impacts on key soil physical properties such as saturated hydraulic conductivity, bulk density, and moisture retention (Price et al. 2010) .
Planosols have adverse water characteristics caused by dense illuvial subsoil horizon. Changes in land use cause the greatest change of surface layer. The aim of this paper was to determine the influence of conversion of Pseudogley under forest to arable and grass land, by way of measuring soil water characteristics. original scientific paper/originalni naučni članak
Materials and Methods
Planosols of southern Mačva and Pocerina cover about 18,000 ha (Dugonjić et al. 2013) . Average temperatures of these two regions are similar: 11.2º C in southern Mačva (Šabac) and 11.3º C in Pocerina (Loznica). Average annual precipitation is lower in Šabac (693.3 mm) than in Loznica (851.1 mm). Water regime of Planosols is influenced by uneven precipitation during some years, and alteration of dry and wet years. Flat terrain of south Mačva and gently undulating relief of Pocerina slow the runoff of water from atmospheric deposits. All precipitation infiltrates into the soil and water stagnates in wetter periods of year above the Btg horizon.
Water characteristics of 9 soil profiles (3 of each type of land use: forest, grass and arable) of Planosols were determined (Figure 1 ). Co-ordinates and altitudes of soil profiles under forest were: 1 -N 44º41 '34.15, E 19º27'01.88, 89 m asl, 3 -N 44º 43'59.64, E 19º35'05.45, 84 m asl, and 9 -N 44º38'26.31, E 19º 38'05.89, 173 m asl; grassland: 10 -N 44º41'35.27, E 19º27'00.43, 93 m asl, 12 -N 44º44'03.06, E 19º35'03.68, 76 m asl, and 18 -N 44º38'37.83, E 19º37'58.90, 132 m asl; arable land: 19 -N 44º41'35.03, E 19º27'04.33, 93 m asl, 21 -N 44º44'02.96, E 19º35'05.22, 81 m asl., and 27 -N 44º38'35.98, E 19º38'01.25 , 155 m asl. Examined Planosols have A-Eg-Btg-BtC-C profile. Figure 2 shows depth of soil horizons and textural differentiation within soil profile. (10, 12, 18) , and arable land (19, 21, 27) Water characteristics for A, Eg and Btg horizon of Planosols were determined. Undisturbed (using 100 cm3 cylinders) and disturbed soil samples were taken in June 2006. From A, Eg and Btg horizons 5, 3 and 3 undisturbed soil samples were collected, respectively. Three soil moisture states, saturation, field capacity and permanent wilting point are used to describe water content across different water potentials in soil (O'Geen 2012). Saturation (S) represents soil water content when all soil pores are filled with water. Field capacity (FC) represents soil water content in the soil after having been wetted and after free drainage has ceased, i.e. soil water content retained against the force of gravity by matrix forces (in micro pores and meso pores) at tension of -0.033 MPa. Lento-capillary point (LCP) is the point above which water is readily available to plants, and constitutes the main supply of water for plants under irrigated conditions. The point at which matrix forces hold water too tightly for plant extraction (-1.5 MPa) is termed the permanent wilting point (PWP). The quantity of water held between field capacity and permanent wilting point is considered plant available water (PAW). In laboratory water holding capacities were determined on soil samples that have been equilibrated with water at various suction (tension) values: -0.033, -0.625 and -1.5 MPa, using 15 Bar Ceramic Pressure Plate Extractor. The bulk density was calculated from the core sample weight (van Reeuwijk 2002). Soil saturation was calculated from the saturated core sample weight. Soil particle density was determined on disturbed soil samples using Albert-Bogs method. Total porosity was calculated: total porosity (%)=(1-bulk density/ particle density)x100; pore size distribution (>10 µm, 10-0.2 µm, <0.2 µm) by extracting water out of bulk soil samples, at -0.033 and -1.5 MPa. Saturated hydraulic conductivity (SHC) was determined by falling head method.
Statistical data processing included descriptive statistics, correlation analysis and t-test (difference among 3 land-use types), using StatSoft, Inc. STATISTICA for Windows, version 8. Table 1 shows soil texture and humus content of A, Eg and Btg horizons of Planosols. Content of sand, silt and humus decreased and the content of clay increased with depth in all soil profiles. There is no significant difference in particle size distribution of forest, grassland and arable soil profiles of Planosols (results of t-test are not shown). Statistically significant was difference in humus content in Planosols under forest compared to Planosols under grassland (t=3.8212, p=0.0051), and arable land (t=3.2459, p=0.0118), while difference between Planosols under grass and arable land was not statistically significant. Table 2 shows decrease of the average total porosity and macro pores with depth, from A, along Eg to Btg horizon, while, at the same time, content of micro pores increased, in all three different types of land-use. Figure 3 shows high levels of PWP and low levels of PAW in all types of Planosols, and all soil horizons. Figure 4 shows Planosols moderate to very slow saturated hydraulic conductivity, which decreased with depth in all soil profiles. Eg horizon had significantly slower hydraulic conductivity compared to A horizon (t = -3.55426, p = 0.016314).
Results and Discussion
Planosols under grass and arable land compared to those under forest (Table 3) had significantly lower total porosity and macro pores content and also S values. Content of micro pores and FC, LCP and PWP values were significantly higher. PAW was also higher, but not statistically significant. On arable land hydraulic conductivity was lower (p<0.05). Difference in porosity and water characteristics between grass and arable land, through the whole soil profile, was small and statistically insignificant.
Differences between grassland and forest land (Table 4) , and also between arable land and forest land, are the most visible in Btg horizon, then in A, and the least in Eg horizon. In A horizon difference between grass land and forest land, and difference between arable land and forest are of the same sign. In grass land, there is a reduction of meso pores content and PAW in Btg, and in arable land in Eg horizon. Differences between arable land and grass land were the greatest in A horizon, and they lessened with depth.
Correlation analysis (Table 5) showed that S was highly positively correlated with humus content, total porosity and macro pores content, and negatively correlated with micro pore content and clay content. FC and LCP were positively correlated with meso pores and micro pores, and negatively correlated with total porosity and macro pores. PWP was positively correlated with clay, and negatively correlated with total porosity and macro pores. Our results of correlation analysis for S, FC, LCP and PWP are compliant to published data (Hillal 1971). PAW and SHC did not show significant correlation with either of the investigated parameters. Results showed that different types of land use of Planosols from Mačva and Pocerina caused statistically significant difference of soil porosity and the most of soil water-holding capacities. According to Marzaioli et al. (2010) when soils are classified as the same type and show similar soil texture, any differences in soil quality could be attributed to different land use. Price et al. (2010) say that if particle size distribution does not significantly differ among land-use classes or parent materials, than the differences between the hydraulic properties of forest vs. non-forest soils were attributed to compaction associated with land management practices. As there is no significant difference in particle size distribution of forest, grassland and arable Planosols examined in this paper, nor in other examined Planosols in Mačva and Pocerina, as reported by Dugonjic et al. (2011) , it could be concluded that different water characteristics come from different types of land use. Transition of forest to arable land and grass land took place a long time ago (there are no records of it), and the differences between forest Planosol against grassland and arable land Planosol for the most parameters were statistically significant. Most of the grasslands are abandoned (in last 10-15 years) arable land. This caused differences between arable and grass land to be minor and statistically insignificant. Our results comply with literature data. Lee and Foster (1991) state that, compared to soils with human impact (different land use), soils under native vegetation (e.g. undisturbed forest) generally feature low bulk density and high saturated hydraulic conductivity, total porosity, and macro porosity, as a result of ample litter cover, organic inputs, root growth and decay, and abundant burrowing fauna. In contrast, soils exposed to human impact are often stripped of organic-rich upper horizons and compacted by heavy equipment or livestock. Replacement of natural vegetation by managed land cover is generally associated with decreased rooting networks and faunal activity, thereby reducing the potential for well-developed macro pore networks and increasing bulk density. The reduced macro porosity is the main reason for lower permeability (reduction of saturated hydraulic conductivity as well as infiltration rate) of the surface of agricultural land compared to natural (Giertz et al. 2005 , Reiners et al. 1994 , Schwartz et al. 2003 .
Content of PAW was slightly higher in grass and arable land compared to forest land. According to Giertz et al. (2005) continuous measurement of soil moisture show that agricultural fields have higher soil moisture compared to forest, due to reduction of evapotranspiration and soil water withdrawal. The greatest difference of arable and grassland opposite to forest land was in illuvial Btg horizon, then in A horizon, and the least in Eg horizon, for the most water parameters. Rooting network of forest species is deep and penetrates Btg horizon (deeper than 33 cm). In grassland and arable land root is shallow. It is well established in A horizon, somewhat lesser in Eg horizon and in most cases it does not penetrate Btg horizon. This has the most important impact on significant differences of total porosity and pore size distribution, the greatest decrease of macro pores and the increase of micro pores, which caused increase in PWP values. Previous findings are supported by the fact that the greatest difference between arable land and grass land were in A horizon, and it lessened toward Btg, where rooting network is absent. The rooting systems of woody vegetation such as forest and shrub land demonstrate substantially greater depth, diameter, dispersion, and biomass than rooting systems of herbaceous plants or cultivated crops (Price et al. 2010) .
Differences between arable and grassland opposite to forest land were the least in Eg horizon because this horizon had distorted structure, thus the change in land use had the minor impact on total porosity and pores size distribution, and consequently changes in water characteristics of this horizon. Eg horizon of arable land, opposite to forest land, had significant increase of micro porosity, thus increasing PWP values. This difference was present between arable and grass land but was statistically insignificant. This could be caused by soil compaction of subsurface Eg horizon of arable land using heavy machinery.
Difference between arable land and grassland were statistically most significant in the deepest Btg horizon (absence of root and fauna activity), then in surface A horizon (decrease in root, fauna activity and humus content), and the least in subsurface Eg horizon (small changes of porosity due to the absence of the structure).
In agroecological aspect it is important to emphasize that increase of PAW of the surface A horizon of arable and grass land compared to forest was not significant. Significant decrease of S values in A horizon of arable land opposite to forest land and grassland, and grassland opposite to forest land was caused by decrease of total porosity and macro porosity of the soil. All of this was caused by differences in diameter, dispersion, and biomass of root network and fauna activity, and most probably decrease in humus content, as shown in Table 1 and as reported by Dugonjic et al. (2013) . 
Conclusions
Generally, examined Planosols in Mačva and Pocerina had adverse water characteristics due to soil genesis, i.e. soil texture. Through the whole soil profile (A -Eg -Btg horizons) of arable and grass land compared to forest land there was a reduction of S and increase of FC, LCP and PWP values (p<0.01). Saturated hydraulic conductivity was significantly lower in arable land compared to forest land (p<0.05). These changes came from decrease of total porosity and pore size distribution (decrease of macro porosity and increase of micro porosity) probably because of humus content decrease, presence and characteristics of root and fauna activity.
Impact of humus on total porosity, macro porosity and S was shown in high correlation values between these parameters. Decrease of macro porosity has adverse effect because it implies lower air capacity of A horizon of arable and grassland, i.e. weaker aeration of the soil. Decrease of S and macro porosity is particularly unfavourable in Planosols, which in wet period of the year suffer from stagnating water and oxygen deficiency. Results of our research showed that the risk of oxygen deficiency can be expressed in the following order: arable land > grass land > forest land (as the depth of A, Eg and Btg horizon did not differ significantly).
